Study Design. Economic evaluation alongside a randomized trial of cognitive-behavioral therapy (CBT) and mindfulnessbased stress reduction (MBSR) versus usual care alone (UC) for chronic low back pain (CLBP). Objective. To determine 1-year cost-effectiveness of CBT and MBSR compared to 33 UC. Summary of Background Data. CLBP is expensive in terms of healthcare costs and lost productivity. Mind-body interventions have been found effective for back pain, but their costeffectiveness is unexplored. Methods. A total of 342 adults in an integrated healthcare system with CLBP were randomized to receive MBSR (n ¼ 116), CBT (n ¼ 113), or UC (n ¼ 113). CBT and MBSR were offered in 8-weekly 2-hour group sessions. Cost-effectiveness from the societal perspective was calculated as the incremental sum of healthcare costs and productivity losses over change in qualityadjusted life-years (QALYs). The payer perspective only included healthcare costs. This economic evaluation was limited to the 301 health plan members enrolled !180 days in the years preand postrandomization.
L ow back pain is expensive both in terms of healthcare costs and lost employee productivity. Annual healthcare expenditures for those with back pain are estimated to be $90 billion higher than for those without, 1 and lost productivity costs are even higher. 2 Cognitive behavioral therapy (CBT) has been found effective 3 and is recommended for treatment of persistent back pain. 4 Mindfulness-based stress reduction 5 (MBSR) has also been found effective for back pain. [6] [7] [8] However, little is known about the economic impacts of these interventions. 3, 9 The objective of this study was to perform an economic evaluation alongside an already-published randomized controlled trial (RCT) comparing MBSR with CBT and usual care alone (UC) for individuals with chronic low-back pain (CLBP) 6, 10 to determine their 1-year cost-effectiveness to society and payers.
MATERIALS AND METHODS
The data for this analysis come from the Mind-Body Approaches to Pain (MAP) trial, a RCT of adults with back pain in Kaiser Permanente Washington (KPW), a large health plan in Washington State. Details on the design of the trial, including its interventions and outcomes were previously published. 6, 10 The trial compared the effectiveness of two mind-body interventions (MBSR and CBT) to UC in individuals with chronic (>3 months) nonspecific low back pain. The study enrolled participants 20 to 70 years of age from September 2012 through April 2014. Individuals with back pain associated with a specific diagnosis (e.g., spinal stenosis), litigation, self-rated pain bothersomeness < 4 or pain interference with activities < 3 on 0-to-10-point scales, or who faced language or other barriers to participation were excluded.
MBSR and CBT were both manualized and provided in groups (10-12 participants per group) 2 hours per week for 8 weeks. The MBSR program also included an optional 6-hour retreat. MBSR was provided by experienced MBSR instructors and was modeled after the original MBSR program. 5 CBT was provided by licensed PhD-level psychologists experienced in group CBT and chronic pain, and included techniques most commonly applied for CLBP. [11] [12] [13] [14] [15] All participants received UC and were compensated $20 per assessment; those randomized to UC received an additional $50 for their participation. The trial is registered, clinicaltrials.gov identifier: NCT01467843.
Effectiveness
Clinical outcomes were assessed by telephone interviewers, blinded to treatment group, at baseline and 4, 8, 26, and 52 weeks postrandomization. The primary effectiveness outcome for the cost-effectiveness analysis was change in quality-adjusted life-years (QALYs), which was calculated using preference-weighted utility (SF-6D 16 ) scores calculated from self-reported health-related quality of life (HRQoL; Short Form 12 Health Survey 17 ) data. 16 
Costs
All costs are reported in 2013 USD. Healthcare costs were adjusted to 2013 USD using the monthly nonseasonallyadjusted medical care consumer price index (CPI). 18 
Healthcare Costs
The cost per participant for the MBSR and CBT interventions was based on instructor hours (including preparation and actual session time), their hourly earnings plus fringe benefits, materials costs (e.g., copies of the manual), and the number of participants per group. The higher hourly cost of the PhD psychologists (CBT) balanced out the longer hours for the MBSR instructors (6-hr retreat) resulting in our use of the same estimated cost per participant for each (Table 1) . KPW's electronic databases record healthcare utilization and costs for services delivered at KPW facilities and at non- KPW facilities covered by the health plan. 19 Services provided at KPW were assigned actual costs, including the cost of facilities, payroll, overhead, and supplies. The cost of services performed by external providers is the amount reimbursed by the health plan. We obtained healthcare utilization and cost data for 1 year before and 1 year after randomization for all participants with !180 days KPW enrollment in both years. The prerandomization utilization was used to adjust participants' postrandomization usage for prestudy differences across participants. We also isolated back pain-related utilization and costs by flagging healthcare events associated with at least one back pain-related diagnosis code, 20 and identifying common back-pain medications: narcotic analgesics, anti-inflammatories, and muscle relaxants. To assist readers who face other costs, the average cost, and member out-of-pocket copayment used for each type of healthcare event are shown in Table 1 .
Productivity Losses
Absenteeism and presenteeism (lowered productivity when working) were captured from participants using the Work Productivity and Activity Impairment Questionnaire 21 with the term ''low back pain'' inserted as the specific health problem. This questionnaire is short (6 items), used frequently in economic studies, has adequate test-retest reliability and construct validity, and generates scores that are monetizable. [22] [23] [24] Absentee hours during the past 7 days because of low back pain were elicited directly. Presenteeism lost hours were calculated by multiplying the reported proportion of time low back pain affected productivity when working by the hours worked. Respondents reporting that they were not currently working for pay were not asked this question, but everyone was asked how much their low back pain affected their regular nonjob daily activities. The hours of work lost because of absenteeism and presenteeism across the year were adjusted for baseline using regression. 25 Lost productivity hours were valued at $31.21, the average hourly 2013 national total employer costs of employee compensation from the Bureau of Labor Statistics. 26 
Analysis
Cost-effectiveness was calculated from the societal and health plan (payer) perspectives. For both, effectiveness was measured as QALY gains over the 1-year study period. QALYs were calculated as the area under the SF-6D score curve over the year, regression-adjusted for baseline SF-6D values. 25 Costs for the societal perspective include participant copayments for healthcare, employer productivity losses, and overall healthcare costs to the health plan. Costs for the payer perspective included only overall healthcare costs. Back pain-related healthcare costs were also calculated. Healthcare utilization and costs for participants with less than 365 days enrollment in the health plan in either the preor postrandomization year were adjusted proportionally up to 365 day-equivalent. Because of the 1-year timeframe of the study, neither costs nor effects were discounted. We used intent-to-treat principles. Missing self-report data were handled using multiple imputation methods. 27, 28 Because cost data tend to be highly skewed, bias-corrected and accelerated bootstrap estimates (1000 replications) were used to determine confidence intervals for utilization and costs. 29, 30 The bootstrapped societal cost-QALY pairs were also shown on a cost-effectiveness plane. 31 Sensitivity analyses examined the effects of proportionally adjusting healthcare costs to 365-day equivalents for participants with less than 365-days enrollment, and several versions of productivity losses. Baselines between group differences were analyzed using t tests (continuous variables) and x 2 tests (frequencies). All calculations used Excel 2010 (Microsoft Corporation, Redmond, WA) or Intercooled Stata 8 (Stata Corporation, College Station, TX). Figure 1 shows the participant flow. This economic evaluation was limited to the 301 of the 342 study participants (102 or 90.3% of those randomized to UC, 98 or 86.7% for CBT, and 101 or 87.1% for MBSR) enrolled in the health plan for !180 days in the years pre-and postrandomization. When baseline characteristics for those who had this level of enrollment (n ¼ 301) were compared with those who did not (n ¼ 41), only two comparisons had P > 0.05. Those with sufficient health plan enrollment were more likely to be employed (79% vs. 63%, P ¼ 0.02) and more likely to report annual household income >$55,000 (67% vs. 33%, P ¼ 0.0001). Table 2 shows baseline characteristics for the three groups included in this study.
RESULTS
Changes in resource use by various healthcare cost categories and productivity loss hours over the study year for each group, and HRQoL (SF-6D) scores across the data collection time points are shown in Table 3 . No clear trends are apparent in the changes in resource use. Both CBT and MBSR reported more absentee hours and a fewer lost presentee hours than UC, and both seem to improve HRQoL compared with UC across data collection points. The mean incremental cost per participant to society of CBT versus UC was $125 and the mean incremental cost per participant of MBSR was À$724 (i.e., a net saving of $724 compared with UC; Table 4 ). Most of the cost savings for MBSR were attributable to reduced payer healthcare costsan average savings to the health plan of $982 per participant. These cost savings were associated with statistically significant QALY gains. The incremental cost-effectiveness ratio for CBT was $3049/QALY; well below the $50,000/ QALY threshold used to determine cost-effectiveness. results and 37% of the CBT results show cost savings (data not shown). Looking at these data another way, MBSR has a 90% probability of being less than $50,000/QALY (a common assumed threshold for society's willingness to pay for an additional QALY 32 ) and CBT has a 81% probability of being less than $50,000/QALY (data not shown).
Back pain-related healthcare costs show the same pattern as seen in overall healthcare costs: an increase in healthcare costs over UC for CBT and a reduction for MBSR (Table 4) . Table 5 shows sensitivity analysis results. The top section shows the impact of estimating full-year costs pre-and postrandomization for those with less than full-year enrollment in those years-18% of our sample needed at least one year adjusted-22% in UC, 14% in CBT, and 17% in MBSR, and this adjustment had little effect on total and incremental costs. The lower portion of Table 5 shows the impact of various assumptions regarding estimates of absenteeism and presenteeism. The base case societal costs (Table 4 ) include absenteeism and presenteeism as reported by employed respondents. Rows labeled (1) and (2) include estimates for employed respondents, but now assuming everyone works 40 hours/week, which is more than the average reported. The row labeled (3) shows the results for presenteeism assuming that all participants were employed and worked 40 hours/week. The presenteeism estimates for nonemployed respondents used their reports of how much their low back pain affected their regular daily activities. This assumption increased the presenteeism losses in each group but did not result in much change in the differences between groups.
DISCUSSION
MBSR reduced total societal costs by $724 per participant across 1 year versus UC, and reduced healthcare costs to the payer by $982 per participant. These cost savings came with a gain in QALYs of 0.034-an increase in HRQoL of approximately 5 percent for the year. CBT was not found to be cost saving compared with UC, but was relatively inexpensive ($125 per participant to society and $495 to the payer) with slightly larger QALY gains (0.041).
We used overall healthcare costs as our base case because CBT and MBSR could have health (and healthcare utilization) benefits beyond those associated with low back pain. Our estimates of back-related healthcare costs show that CBT did not reduce back-related healthcare costs when compared with UC (these increased by $984 per participant). However, both CBT and MBSR reduced nonback related healthcare costs compared with UC. CBT reduced these costs by an average of $489 ($984 minus $495) per participant, and MBSR reduced these costs by an average of $855 (À$127 minus À$982) during the study year. Given the potentially wide-ranging health impacts of these interventions, this might not be surprising. However, these savings would have been missed if only back-related healthcare costs were measured. One problem comparing the costs in these studies to our estimates is that the simple application of an exchange rate does not adequately capture the different healthcare cost structures between the United Kingdom and the United States. 34 Norton et al 35 used the outcomes and resource use data from Lamb et al 13 in a decision-analytic model and applied US costs for each resource. Their estimate of 1-year back-related healthcare costs was $793 per participant in 2008 USD ($926 in 2013 USD), which is remarkably close to our estimate of $984.
We were unable to identify other trial-based economic evaluations of MBSR, but we did find two of group yoga, a 37 studies also showed reductions in absentee productivity losses from yoga, whereas our study showed an increase in these productivity losses.
Two other studies used claims data and matched controls to examine changes in healthcare utilization from mindfulness-based interventions and found substantial reductions in healthcare utilization. 52.8% in the 3RP group. The authors did not capture the actual cost savings associated with these reductions, but did calculate an expected range of cost savings based on ''median values for visits at these treatment sites'' of $640 to $25,500/person/year. This range includes our estimate of reduced overall healthcare costs of $982. Klatt et al 39 retrospectively compared participants in a worksite-based intervention using mindfulness meditation to a propensity score-matched control group. Five years of healthcare utilization were captured for members of the university health plan. The study showed a reduction in healthcare costs of $6196 (19,592 vs. 25,788) in 2009USD over 5 years for the mindfulness intervention. No 1-year estimates were given, but their published graph indicates that the cost savings for mindfulness start in the first year. The study is also of interest in that it hints that healthcare costs may continue to decrease over time.
Although most (72%) of the originally randomized sample had a full year of healthcare utilization data available both pre-and postrandomization, and using a cutoff of !180 days of health plan enrollment we were able to include almost 90 percent of original participants in this study, one limitation of this study is that excluded participants may have had employment status and income levels which could make these results more applicable to a slightly more employed and affluent population. However, our estimation of full years' of healthcare utilization for those who had less seems to have little impact on outcomes. In addition, the availability of these healthcare utilization data stands in contrast to the other RCT-based studies discussed above, all of which used cost data based on individual self-report. Finally, as is true of any economic evaluation, these results are not, without adjustment, generalizable beyond this healthcare setting. 40 To assist readers in estimating the potential impacts of these interventions in other settings, as recommended, we reported unit costs and changes resource use so that the impact of different cost structures can be determined. 34 
CONCLUSION
CBT and MBSR were cost-effective, and MBSR may be cost saving, as compared with UC for adults with CLBP in this large integrated healthcare system in Washington State. These findings suggest that MBSR, and to a lesser extent CBT, may provide cost-effective treatment for CLBP for payers and society.
Key Points
Mind-body interventions have been found effective for back pain, but little is known about their cost-effectiveness. In this economic evaluation alongside a randomized controlled trial of members of a large US health plan with chronic low pain, CBT has a 81 percent probability of being costeffective (i.e., costing less than $50,000/QALY). In this same economic evaluation, MBSR has a high probability of being cost saving to society (65 percent of bootstrapped cost-QALY pairs were cost saving) and payers (76 percent were cost saving), and a 90 percent probability of being cost-effective according to a $50,000/QALY threshold. Although CBT did not reduce overall or backrelated healthcare costs when compared with UC, both CBT and MBSR reduced nonback related healthcare costs compared with UC, which may not be surprising given the potentially wideranging health impacts of these interventions.
